Symmetrically and unsymmetrically substituted diorganodichlorosilanes have been prepared by hydrosilylation with dichlorosilane using two different platinum catalysts, i. e., hexachloroplatinic acid ("Speier's catalyst") and a platinum cyclovinylmethylsiloxane complex. Hydrosilylation of unsubstituted 1-alkenes proved to be very efficient, yielding anti-Markonikov substituted din-alkyldichlorosilanes. However, no reaction was observed when electron-deficient 1 -alkenes were used. Octacarbonyldicobalt enabled formation of the monoadduct of 1 H, lW,2H-perfluoro-lhexene with dichlorosilane, which was employed in a second hydrosilylation of the olefin. Thus, the anti-Markovnikov diadduct was obtained in 40% overall yield. The two-step synthesis has also been applied successfully to obtain unsymmetrically substituted diorganodichlorosilanes containing nitrile and ether groups.
Introduction
The peculiar phase behaviour displayed by poly(di-n-alky1siloxane)s and poly(di-n-alkylsily1ene)s 4* 5, has stimulated our research on routes to introduce functional groups in the side chains of these polymers. Within this context, the synthesis is described of various diorganodichlorosilanes which can serve as monomers for the preparation of either polysiloxanes or polysilylenes. Although hydrosilylation reactions have been widely applied [6] [7] [8] [9] and various mechanisms have been proposed involving homogeneous lo) and heterogeneous catalytic species the use of dichlorosilane in the preparation of organosilanes has been limited l6-I8). Dichlorosilane is a gas and should be handled with care because of its toxicity and high flamrnabilit~'~). However, when the reaction is performed under inert conditions in a pressure resistant reaction vessel, it presents a more efficient and versatile way to prepare diorganodichlorosilanes than organometallic reactions using Grignard reagents and tetrachlorosilane. In view of the relative lack of information on the synthetic potential of dichlorosilane, this work is intended to contribute to the existing knowledge about the hydrosilylation reaction in general.
Experimental part

Materials
Dichlorosilane (H,SiCI,) (Union Carbide, 3.0) was used as received. Hexachloroplatinic acid hexahydrate (H,PtCI, . 6H,O) (Merck) was dissolved in isopropyl alcohol (Merck, p. a.) to yield a 0,05 g/mL solution which was kept under argon. Other hydrosilylation catalysts such as platinum cyclovinylmethylsiloxane complex (PC085) (Hills), octacarbonyldicobalt (Co,(CO),) (Alfa, 98%) and tris(tripheny1phoshine)rhodium chloride ((PPh,),RhCI) (Fluka, 97%) were used as received. 1 -Butene (Hoekloos, 2.0), 1-pentene (Janssen, 97%), 1-hexene (Aldrich, 97%), 1 -heptene (Aldrich, 97%), 1 -octene (Aldrich, 98%), 1-nonene (Fluka, 97%), 98%) , allylbenzene (Merck, 98%), allyl methyl ether (Alfa, 95%), allyl ethyl ether (Janssen, 95%), lH,IH,2H-perfluoro-l -hexene (Riedel-de Haen, 99%), 1 H , lH,2H-perfluoro-l -decene (Riedel-de Haen, 95%), allyl cyanide (Janssen, 98%), allyl bromide (Aldrich, 97%) were used without further purification.
Synthesis
Dichlorodihexylsilane (3):
The symmetrical hydrosilylation of 1 -hexene with dichlorosilane is described as a typical example for the preparation of di-n-alkyldichlorosilanes (Tab. 1).
The reaction was carried out in a stainless steel Hoke cylinder (max. pressure 300 bar). This cylinder was equipped with a stirring bar and a T-shaped stainless steel inlet, which was on one side connected to a stainless steel needle valve, whereas the other side could be closed with a screw cap. The cylinder was evacuated and flushed five times with argon. Under an argon flow, 43,7 g (0,52 mol) 1-hexene and 250 pL of a 0,05 g/mL solution of hexachloroplatinic acid in isopropyl alcohol were brought into the cylinder and the mixture was homogenized by magnetic stirring. The cyclinder was closed and cooled in liquid nitrogen, and 25,3 g (0,25 mol) of dichlorosilane were added via a steel tube which was connected to the needle valve. The amount of dichlorosilane was checked by weighing. The reaction was allowed to proceed in a water bath (1 5 "C) under continuous stirring. Typically, the hydrosilylation was preceded by an induction period of 5 -30 min. The onset of the reaction could be observed by a sudden temperature increase of the reaction mixture. This is in contradiction with the findings of Benkeser and Muench, who reported that dichlorosilane requires temperatures in excess of 100°C to react with most olefins at any convenient rate"). Normally the mixture started to cool down after several minutes, and it was stirred for at least 2 h before opening of the reaction vessel. The light yellow to dark brown liquid product was removed under argon flow by means of a syringe and distilled. Yield: 49, 8 g (74%) of dichlorodihexylsilane (purity 98%, GLC), b. p. 88-90 OC (3 mmHg); nio: 1,4512 (lit.'": 1,45 18) .
'HNMR(250MHz):a = 1, 16(m, 16H, (CH, ) ,), l,lO(t,J = 8,0Hz,4H,SiCH2),0,89 (t, J = 7,l Hz, 6H, CH,).
13C NMR (63 MHz): 6 = 31,91 (C3), 31,lO (C4). 22, 26, 22, 13 (C2, CS), 20, 14 (Cl), 13, 85 (C6) . HRMS*) (C,2H26SiC12): calc. 268,118, found 268,120. Dibutyldichlorosilane (1): During hydrosilylation of gaseous 1 -alkenes, e. g., 1 -propme and 1-butene, the catalyst was brought inside the cylinder first, followed by addition of the olefin and consecutively of dichlorosilane. This procedure has also been applied to ethylene. However, when large amounts of reagents (> 100 g) were used, pyrolysis occurred with concomitant expansion of the reaction vessel. Ethylene can however be hydrosilylated safely if the reaction mixture is diluted to 50 wt.-% with an inert solvent like hexane, which had previously been distilled from potassium/benzophenone **). Isolated yield; 88% (purity 96%, GLC), b. p. 38 -40 "C (1 mmHg); nfp: 1,4449 (lit.: 1,4448 CH CH,CH,), 1,08 (t, J = 8,l Hz, 4H, SiCH,), 0,89 (t. J = 7,O Hz, 6H, CH,).
(5 mmHg); nko: 1,4543. (t, J = 7,O Hz, 6H, CH,).
14,06 (C7). 29,62, 29,46, 29,33, 29,13 (C4-C7), 22,70 HRMS (C~oH4zSiC12): calc. 380,243, found 380,243. Dichloro(hexyl)hydrosilune (9) : A dried and argon-flushed 300-mL Hoke cylinder was charged with 21,O g (0,25 mol) 1-hexene and 250 pL of a 0,05 g/mL solution of H,PtC16. 6 H 2 0 in isopropyl alcohol. After closing, the cylinder was cooled in liquid nitrogen and 37,9 g (0,375 mol) of dichlorosilane were condensed into the reaction mixture. The mixture was stirred for 2 h at room temperature, during which time only a slight amount of heat was generated. The light yellow liquid product was removed by means of a syringe and distilled. Isolated yield; 30g (65%) (purity = 95% 'H NMR), b. p. 70-73 "C (20 mmHg).
'H NMR (250 MHz): 6 = $50 (t, J = 2,O Hz, 1 H, SiH), 1,60-1,18 (m, 10H, (CH,)J, 0,89 (t, J = 7,l Hz, 3H, CH,).
(4 mmHg); nAo: 1,4575. (t, J = 7,O Hz, 6H, CH,). (9) . 59 (loo), 31 (25) .
Butyldichloro(3-cyanopropyl)silane (14): Isolated yield; 72% (purity 96%, GLC), (b. p. 100 "C (3 mmHg); nko: 1,4633.
' H NMR (250 MHz): 6 = 2,43 (t, J = 6,9 Hz, 2H, -CH,CN), 1,87 (quintet, J = 7,7 Hz, 2H, C_H,C&CH,CN)), 1, 33 (m, 4H, CH, ) 1,22 (t, J = 8,4 Hz, 2H, CNCH,CH,C_H,Si-), 1,12 (t, J = 7,9 Hz, 2H, SiCH,C,H,), 0,90 (t, J = 7,1 Hz, 3H, CH,). I3C NMR (63 MHz): 6 = 118,82 (CN), 25,26, 24,18 (C2, C3), 19,79, 1937, 19,13, 18 ,95 (C1, Cl', C2', C3'), 13,39 (C4). (14) 
Dichloro(h~l)-lH,lH,2H,2H-perfluomh~lsilane (18):
A 100-mL three-neck flask equipped with a reflux condenser, stirring bar and septum was charged with 30 g (0,161 mol) of dihloro (hexy1) (2), 544 (4, M C -C,,Hzz), 409 (99), 363 (22), 345 (49, 339 (loo), 295 (39, 241 (27) , 239 (40), 169 (27), 141 (18), 119 (271, 85 (72), 71 (62), 57 (53), 43 (26) .
Bis(lH,lH,2H,2H-perfluorohexyl)dichlorosilane (20):
A dried and argon-flushed 100-mL three-neck flask equipped with condenser, stirring bar and septum was charged with 28,3 g (0.1 15 mol) lH,lH,2H-perfluorohexene. Via the septum 0,5 mL of a 3% platinum cyclovinylmethylsiloxane complex (PC085, Huls) was added, followed by addition of 37,9 g (0,109 mol) of 13. Immediately after addition of the silane, the yellow colour of the reaction mixture disappeared and then changed to brown, which was accompanied by significant heat evolution. The reaction mixture was allowed to stir overnight at room temperature. Distillation yielded 56,l g (86%) of a colourless oil, b. p. 83 -84 "C (3 mmHg) (purity = 90%, 'H NMR; due to decomposition on the column, the purity could not be checked by GLC); nho: 1, 3448 .
'H NMR (250 MHz): 6 = 2,30 (m, 4H, -CF,CH,-), 1,42 (t, J = 8.5 Hz, 4H, CH,Si). 1,80--1,68(rn,4H,CH,),1,16(t,J= 7,0Hz,6H,CH3) , 1, 14(t, J= 8, 3Hz, 4H, SiCH2) .
Results and discussion
From a series of small scale hydrosilylations carried out in Carius tubes, the following observations can be summarized:
A peculiar feature of the hydrosilylation reaction is the induction period, which precedes the reaction, irrespective of the reactivity of the reagents. It has been postulated that during this time, the platinum catalyst is reduced by hydrosilane compounds to yield Pt(0) colloids, which are the actually active However, in our hands, induction periods were also observed when a Pt(0) catalyst such as platinum cyclovinylmethylsiloxane complex was directly added t o the reaction mixture. In fact, both Speier's catalyst and the Pt(0) reagent showed comparable activity in hydrosilylation reactions with dichlorosilane and monoorganodichlorosilanes, with regard to efficiency as well as regioselectivity.
The regioselectivity of the hydrosilylation of I-alkenes is reported to be about 95% anti-Markovnikov 6-9). This is confirmed by the results described in this chapter. Tab. 1 lists the different dichlorosilanes which have been prepared. Generally, it was observed by means of GLC and I3C NMR that the crude product contained approximately 4-5% Markovnikov products, which could be removed by repeated distillation using a spinning band distillation column.
Although the hydrosilylation of I-alkenes with dichlorosilane constituted an efficient method for the preparation of di-n-alkyldichlorosilanes, it was observed that the reaction of dichlorosilane with functionalized 1 -alkenes was frequently hindered by side reactions. In many cases, these were accompanied by precipitation of the catalyst or evolution of hydrogen. In case of electron-deficient 1-alkenes like lH,lH,2H-perfluoroolefins and allyl cyanide, monoorganodichlorosilanes appeared to react smoothly and in high yields, whereas with dichlorosilane no reaction occurred. In fact, several unsuccessful attempts have been made to react dichlorosilane with IH, 1H,2H-perfluorohexene, e. g., in the presence of Speier's catalyst, platinum cyclovinylmethylsiloxane complex and tris(triphenylphoshine)rhodium(I) chloride (Wilkinson's catalyst). The cobaltcarbonyl complex Coz(CO), appeared to be the only catalyst which enabled the hydrosilylation of 1 H , 1 H,2H-perfluorohexene with dichlorosilane, contradicting earlier data which claim that only electron-rich olefins can be hydrosilylated with this reagentz0).
Ally1 ethers, which have frequently been used as reagents in hydrosilylation reactions, e. g., in polymer-analogous modification reactions of polymethylhydrosiloxane2'. z2), appeared to be much less efficient when dichlorosilane was used as the silylating reagent. In case of allyl methyl ether, allyl ethyl ether and allyl 2-ethoxyethyl ether, reactions had to be activated by stirring the mixture for at least 30 min at 50 "C. The symmetrical hydrosilylation reaction was complicated by side reactions, and generally low conversions and concomitantly low yields (10-20%) were obtained. Precipitation of black material might indicate that these effects are due to poisoning of the c a t a l y~t '~-~~) .
Slightly better yields (20-30%) were possible when the reaction was allowed to proceed in two steps, first by reacting an excess of dichlorosilane with the allyl ether, followed by purification of the monoadduct, which served as starting compound for the second hydrosilylation step.
Hydrosilylation of 1,5-hexadiene was performed in a 7 : 1 molar excess of the diene relative to dichlorosilane, to avoid side reactions, e. g., polymerization. Nevertheless, extensive rearrangement of the double bond occurred, which resulted in the formation of a large number of isomers.
Conclusions
The platinum-catalyzed hydrosilylation of 1 -alkenes with dichlorosilane presents an efficient and versatile way to prepare diorganodichlorosilanes with anti-Markovnikov configuration. The synthesis of dichlorosilanes bearing functional groups, such as ether and nitrile as well as perfluoroalkyl moieties, is also feasible. In general, Speier's catalyst and platinum cyclovinylmethylsiloxane complex resemble each other with respect to reactivity and regioselectivity. In case of electron-deficient 1 -alkenes, Tab. 1. 
